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I n  West A f r i c a  Simulium damnosum s.1. may l o c a l l y  develop a h igh  l e v e l  of r e s i s t a n c e  
t o  DDT. A probable  r e l a t i o n s h i p  between such r e s i s t a n c e  and t h e  sometimes i n t e n s i v e  
a g r i c u l t u r a l  use  of DDT has  been e s t a b l i s h e d .  Although these  r e s i s t a n c e  phenomena a r e  ’ 
very  l o c a l i z e d ,  t hey  may have some repe rcuss ions  on t h e  ex tens ive  Onchocerciasis  Cont ro l  
Programme being c a r r i e d  o u t  by t h e  World Heal th  Organiza t ion  i n  West Af r i ca .  
DDT has  been wide ly  used i n  West Af r i ca  f o r  t h e  c o n t r o l  of b l a c k f l y  l a r v a e  of t he  
S. damnosum s.1. complex. e ‘i. _ I ’  
Between 1960 and 1971, i n  c o n t r o l  campaigns i n  t h e  Volta  bas in  a r e a ,  h igh  concen t r a t ions  
of DDT (0.1 ppm/30 min) were a p p l i e d  weekly t o  r i v e r s  (Le Berre e t  a l . ,  1964; 
Le Berre ,  1974). From 1970 onward t h e  t rea tment  supe rv i so r s  no ted  a q u i t e  marked decrease  
i n  t h e  e f f i c a c y  of  DDT on c e r t a i n  s t r e t c h e s  of wa te r  ( t h e  Comoé a t  FOlOn26, t he  lower 
Bandama). 
Phi l ippon & 
A t  K a i n j i  i n  N ige r i a  t h e  e f f e c t i v e  concen t r a t ions  of DDT doubled between 1961 and 1968, 
a s i g n  of a decrease  i n  t h e  s u s c e p t i b i l i t y  of t h e  l a r v a e  of S. damnosum s.1. (Walsh, 1970). 
. v  
I n  Ghana, on t h e  lower reaches  of the  Vol ta ,  Kuzoe & Noamesi ( i n :  Brown 6r P a l ,  1973) 
a l s o  noted  a decrease  i n  t h e  e f f i c a c y  of DDT and a decrease  i n  the  LC50 values  (ob ta ined  by 
t h e  method of Muirhead-Thomson, 1957). 
In Upper Vol ta ,  Quélennec 6 Vervent (1970) showed t h a t  i n  a r e a s  of onchoce rc i a s i s  
v e c t o r  c o n t r o l ,  S. harg reaves i  could r a p i d l y  develop r e s i s t a n c e  t o  DDT. 
Outs ide A f r i c a ,  r e s i s t a n c e  of  S imul i idae  l a r v a e  t o  DDT has been r epor t ed  i n  Japan 
w i t h  S. a o k i i  (Suzuki  e t  a l .  , 1963) and w i t h  S. omatum (Asahina e t  a l . ,  i 1966), i n  t h e  
Uni ted  S t a t e s  and Canada w i t h  S. venustum and S. fuscum (West; 1967; Jamnback & West, 1970). 
MATERIALS AND METHODS 
The methodology f o r  t e s t i n g  t h e  s u s c e p t i b i l i t y  of b l a c k f l y  l a r v a e  t o  i n s e c t i c i d e s  
proposed by Mouchet e t  a l .  (1977) w a s  s u c c e s s f u l l y  app l i ed .  
F i e l d  t e s t s  were c a r r i e d  o u t  e a r l y  i n  the  morning and i n  the  evening.  For each concen t r a t ion  
two ba tches  of 25  l a r v a e  of  s t a g e s  4 and 5 were used,  p laced  i n  g l a s s ’bowls  con ta in ing  250 m l  
of  preoxygenated d i s t i l l e d  water .  The t e s t s  were r epea ted  two t o  fou r  t imes ,  depending 
on t h e  number of l a r v a e  a v a i l a b l e .  The c o n t a c t  time w a s  t h r e e  hours  and m o r t a l i t y  w a s  
This  s tudy  w a s  suppor ted  by a g r a n t  from the World Heal th  Organiza t ion .  
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a s s e s s e d  by t o t a l l i n g  t h e  dead and dying l a r v a e  f o r  each c o n c e n t r a t i o n  ( h i g h  m o r t a l i t y ) .  
The d i l u t i o n s  were ob ta ined  from s t a n d a r d  e t h a n o l  s o l u t i o n s  s u p p l i e d  by WHO. 
Only t h e  t e s t s  i n  which t h e  temperature  remained between 20 and 25°C were taken i n t o  
accoun t .  By a n a l y s i n g  t h e  r e s u l t s  of 20 t e s t s  w i t h  temephos on S. damnosum S.S. and 
S. sirbanum, Grébaut & G u i l l e t  (1977) showed t h a t  w i t h i n t h e  20-25°C range and w i t h  a c o n t a c t  
t ime of t h r e e  hours  t h e  temperature  has  no s i g n i f i c a n t  e f f e c t  on t h e  r e s u l t s  of  t h e  t es t s .  
The temperature  cannot t h e r e f o r e  e x p l a i n  t h e  wide v a r i a t i o n s  i n  s u s c e p t i b i l i t y  t h a t  a r e  
encountered.  I n  t h e  case of  DDT, however, i t  should be no ted  t h a t  t o x i c i t y  g e n e r a l l y  
drops as t h e  temperature  i n c r e a s e s  (Hadaway & Barlow, 1957; Fan Cheng & Richard,  i n :  
Brown 6, P a l ,  1973).  
I n  Ivo ry  Coast t h r e e  s u s c e p t i b l e  popu la t ions  o f  d i f f e r e n t  compositions were t e s t e d :  
S .  yahense on t h e  Goué a t  Wa (south-western Ivo ry  Coast ,  7'26'N, 8'10'W), S. s a n c t i p a u l i  on 
t h e  Bandama a t  T i a s s a l é  ( sou the rn  Ivo ry  Coast ,  5"56'N, 4"49'W), S. damnosum S . S .  and 
S .  sirbanum which predominate on t h e  Boa a t  Tjokoronidougou i n  t h e  d ry  season (north-  
w e s  t e r n  Ivo ry  Coast , 8 "41 ' N  , 7'"22 'W) . 
Within t h e  boundaries  of phase III of t h e  Onchocerciasis  Programme i n  t h e  Volta B a s i n  
Area,  f o u r  popu la t ions  of  S. damnosum S.S. and S. sirbanum w i t h  low s u s c e p t i b i l i t y  o r  
r e s i s t a n c e  t o  DDT were t e s t e d :  i n  Mali on the  Banif ing II (11°45'N, 7"lO'W) and on t h e  
Baoulé (12'301N, 6"50'W), i n  Benin on t h e  K i a t i k o  (10"18'N, 1 '22 'E) ,  and i n  Togo on t h e  
Sossoa (9"42'N, 1 '15'E).  
A r e s i s t a n t  popu la t ion  c o n s i s t i n g  mainly of S. soubrense w a s  t e s t e d  a t  Bouaflé on t h e  
Marahoué ( c e n t r a l  Ivo ry  Coast ,  7"N, 5'45'W). 
RESULTS 
Table 1 g ives  t h e  r e s u l t s  ob ta ined  w i t h  t h e  t h r e e  s u s c e p t i b l e  popu la t ions  t e s t e d  i n  
Ivo ry  Coast .  The correspondi,ng c o n c e n t r a t i o n - m o r t a l i t y  r e g r e s s i o n  l i n e s  a r e  p re sen ted  i n  
F igs  1 and 2 .  
I n  o r d e r  t o  compare t h e s e  r e s u l t s  w i t h  those ob ta ined  w i t h  r e s i s t a n t  p o p u l a t i o n s ,  t h e  
a r i t h m e t h i c  means of  t h e  LC50 and LCg5 va lues  were c a l c u l a t e d  (0.045 and 0.12 ppm 
r e s p e c t i v e l y ) .  
The popu la t ions  t e s t e d  on t h e  Bandama and Boa (March 1977) do n o t  d i s p l a y  s i m i l a r  suscep- 
t i b i l i t y  t o  those on t h e  Goué and Boa (March 1976).  
s u s c e p t i b l e  i n  view of  t h e  c o n c e n t r a t i o n - m o r t a l i t y  r a t i o  and t h e  L C ~ S / L C ~ ~  r a t i o s  (3 .3  and 
The s u b s t a n t i a l  v a r i a t i o n s  found i n  t h e  LCIOO va lues  w i l l  be no ted .  
Neve r the l e s s ,  t hey  are regarded as 
3 .4 ) .  
Table 2 g i v e s  t h e  r e s u l t s  ob ta ined  from popu la t ions  w i t h  low s u s c e p t i b i l i t y  o r  r e s i s t a n c e  
t o  DDT. The c o e f f i c i e n t  of r e s i s t a n c e  i s  t h e  r a t i o  between t h e  LCg5 observed and t h e  mean 
LCg5 i n  s u s c e p t i b l e  popu la t ions .  The corresponding r e g r e s s i o n  l i n e s  ( F i g s  1 and 2 )  have 
t h e  c h a r a c t e r i s t i c  appearance of DDT r e s i s t a n c e :  normal m o r t a l i t y  a t  low c o n c e n t r a t i o n s  and 
a ve ry  marked p l a t e a u  a t  h i g h  concen t r a t ions .  
Two l e v e l s  of resistance were found: 
a h igh  l e v e l  ( c o e f f i c i e n t  of r e s i s t a n c e  above 21) f o r  t h e  popu la t ions  o f  t h e  Banif ing 
L I  (Mali)  and t h e  Marahoué ( Ivo ry  Coas t ) ;  
a moderate l e v e l  ( c o e f f i c i e n t  of  r e s i s t a n c e  10.4) f o r  t h e  popu la t ions  of  t he  
K i a t i k o  (Benin) and t h e  Sossoa (Togo). 
DISCUSSION 
Up t o  now DDT r e s i s t a n c e  i n  S. damnosum s.1. has neve r  been c a t e g o r i c a l l y  proved. 
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The a g r i c u l t u r a l  use  of DDT i s  s t i l l  very widespread i n  West Af r i ca .  Consequent ly ,  
few d a t a  have been c o l l e c t e d  on t h e  b a s i c  s u s c e p t i b i l i t y  t o  DDT of S. damnosum s.1. 
On a more gene ra l  l e v e l ,  and w i t h i n  the  c u r r e n t  con tex t  of t he  ex tens ibe  Onchocerc ias i s  
Cont ro l  Programme i n  West A f r i c a ,  t he  mechanisms of t h e  development of  i n s e c t i c i d e  r e s i s -  
t ance  i n  S. damnosum s.1. a r e  c e r t a i n l y  a very  complex m a t t e r .  Two groups o f  opposing 
f a c t o r s  must be p a r t i c u l a r l y  involved .  
Fac to r s  favourable  t o  t h e  developement of r e s i s t a n c e :  t h e  very  s t r o n g  s e l e c t i v e  
p re s su re  e x e r t e d  by the  i n s e c t i c i d e s  because of t he  c o n s t a n t l y  i n c r e a s i n g  a r e a  
of  t h e  t r e a t e d  zones ( a t  p re sen t  one a r e a  a lone  i s  700 O00 km2) and the  f requency  
of l a r v i c i d e  t r ea tmen t  (once a week) on t h e  one hand and the  s h o r t  d u r a t i o n  of t h e  
development cyc le  (8-15 days) on the  o t h e r  hand. 
~ 
The l e v e l s  of  r e s i s t a n c e  mentioned h e r e  f o r  West Af r i ca  a r e  h i g h e r  than  those  r epor t ed  
by Suzuki e t  a l .  (op. c i t . )  ( c o e f f i c i e n t  of r e s i s t a n c e  = 12.8) and by West and Jamnback 6, 
West (op. c i t . )  ( c o e f f i c i e n t  of  r e s i s t a n c e  = 5-7) i n  p a l a e a r c t i c  and n e a r c t i c  b l a c k f l i e s .  
c1 It i s  a l s o  po in ted  o u t  t h a t  on t h e  Boa t h e  LCg5 inc reased  by a f a c t o r  of 2.7 i n  one y e a r ,  
i n d i c a t i n g  a p o s s i b l e  r e g r e s s i o n  of DDT s u s c e p t i b i l i t y .  
This  r e s i s t a n c e  i s  occur r ing  i n  t h e  b l a c k f l y  popu la t ions  of t h r e e  temporary r i v e r s  
None of t h e s e r i v e r s  had a t  w i t h  a low d i scha rge  and one permanent r i v e r ,  t h e  Marahoué. 
t h e  time e v e r  been s u b j e c t e d  t o  a b l a c k f l y  c o n t r o l  campaign. They f low through areas where 
c o t t o n  i s  i n t e n s i v e l y  c u l t i v a t e d ,  and each r a i n y  season t h e  c o t t o n  crop i s  t r e a t e d  w i t h  
8-10 kg of DDT pe r  h e c t a r e . ,  Some of  t h i s  DDT i s  c a r r i e d  away by t h e  r i v e r s  on t h e  account  
of t he  ve ry  s u b s t a n t i a l  run-of f .  The exposure of  S. damnosum s.1. larvae t o  low concen- 
t r a t i o n s  of  DDT f o r  s e v e r a l  months may be s u f f i c i e n t  t o  account  f o r  t h e  l e v e l  of r e s i s t a n c e  
mentioned. This  phenomenon i s  commonly observed among t h e  Cu l i c idae .  
Fac to r s  unfavourable  t o  t h e  development of  r e s i s t a n c e :  t h e  phenomena o f  d i s p e r s i o n  
and mig ra t ion ,  ve ry  marked i n  S. damnosum s.1,. females ,  caus ing  t h e  m a s s i v e .  
i n t r o d u c t i o n  i n t o  t r e a t e d  a r e a s  of  f e r t i l i z e d  females  from u n t r e a t e d  a r e a s .  
This  l e a d s  t o  d i l u t i o n  of any r e s i s t a n c e  genes p re sen t  i n  the  t r e a t e d  popu la t ion  
and keeps t h e  f requency  of such genes below a c r i t i ca l  th re sho ld .  This  phenomenon 
w a s  r e c e n t l y  s t u d i e d  from the  t h e o r e t i c a l  viewpoint  by Comins (1977).  
CONCLUSION 
The l e v e l  of s u s c e p t i b i l i t y  of S. damnosum s.1. l a r v a e  t o  DDT i s  on t h e  whole r a t h e r  
v a r i e d  and some c a s e s  of h igh  r e s i s t a n c e  have been r epor t ed .  Although s p o r a d i c  and 
l o c a l i z e d ,  t hese  cases  a r e  very  impor tan t  because they  d e f i n i t e l y  prove t h a t  S. damnosum s.1. 
has t h e  c a p a b i l i t y  t o  develop a c e r t a i n  l e v e l  of  DDT r e s i s t a n c e  f a i r l y  r a p i d l y .  
' 
0 
It i s  l i k e l y  t h a t  t h e  use  of DDT i n  t h e  Regional  Onchocerc ias i s  Cont ro l  Programme would 
have l e d  to' t he  appearance of widespread r e s i s t a n c e  t o  t h i s  i n s e c t i c i d e .  
doubt on t h e  a d v i s a b i l i t y  of u s i n g  DDT analogues i n  the  c o n t r o l  of S. damnosum s . l , ,  as 
. c r o s s - r e s i s t a n c e  phenomena a r e  common i n  t h i s  group of  i n s e c t i c i d e s  p a r t i c u l a r l y  i n  t h e  
biodegradable  analogues.  For example, a ve ry  h igh  l e v e l  of c r o s s - r e s i s t a n c e  i s  observed 
between OMS-1476 and DDT i n  t h e  Cu l i c idae  (Quiroga e t  a l . ,  1976) .  
This  c a s t s  g r e a t  
A t  p r e s e n t  t h e  on ly  group of i n s e c t i c i d e s  r e a l l y  s u i t a b l e  f o r  use  i n  o n c h o c e r c i a s i s  
c o n t r o l  i n  West A f r i c a  remains the  organophosphorus compounds; 
(unpubl ished document) have n o t  s o  f a r  recorded  any r educ t ion  i n  s u s c e p t i b i l i t y  t o  temephos 
i n  popu la t ions  t r e a t e d  r e g u l a r l y  f o r  more than f i v e  yea r s .  
G u i l l e t  6, Grébaut 
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Loca l i ty ,  
river , 
country 
Lc50 
PPm 
Species  Date LCg5 
PPm 
Range of 
LC 100 
13.05.77 0.037 
~ 
Gauthier  F a l l s ,  
Bandama, 
Ivory  Coast 
S. s a n c t i p a u l i  29.03.77 0.053 0.18 0.25-0.50 
>5.7 
32.8 
6.7 
>2 1 
10.4 
5.2 0.62 1.25-2.50 
TABLE 1. CHARACTERISTIC VALUES OF POPULATIONS SUSCEPTIBLE TO DDT 
c 
? +  '.r Rat i o  
LC9 5 
c*- 
Lc50 
c 
~~ 
Wa, Goué, 
Ivory  Coast 
0.058 0.06-0.12 4- 1.5 - 
3.4 
1.6 
3.3 
S. yahense 
~ 
S .  damnosum s. s. 
T j okoronidougou , S. sir banum 
Boa, Ivory Coast S. soubrense 
S. s a n c t i p a u l i  
Ar i thmet ic  mean 
~ 
0.064 0.02-0.1 
0.175 0.25-0.50 
0.12 I 2.8 O. 045 
TABLE 2. CHARACTERISTIC VALUES OF POPULATIONS RESISTANT TO DDT 
LClOO 
Rat io  I Coef f i c i en t  Loca l i ty ,  
r i v e r  , 
country 
a 
r e s i s t a n c e -  , 
Species  
S. damnosum 
S. sirbanum 
S. damnosum 
S. sirbanum 
S. soubrense 
dominant 
S. damnosum 
S. s i r b a n m  
s.  damnosum 
S. sirbanum 
43 I 10.4 Sossoa 
Togo 
1.25 I B1.25 9.11.76 10.029 
>2.5 1 '2.5 325.5 1 ' > 2 1  Banif ing II 
Ma li 18.02.77 0.098 1 
~ 
0.44 
Bouaf l é  
Marahoué 
Ivory  Coast 
Kia t iko  
Benin 
Taouba 
Baoulé 
Ma li 
18.02.76 
3.11.76 O. 038 
0.092 14.02.77 
a 
- R a t i o  of LCg5 of r e s i s t a n t  populat ion t o  LCg5 of suscep t ib l e  populat ion.  
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Fig. I 
DDT Susceptible populations 
1 - Goue - Ivory Coast - 13.05 .77  
2 - Bandama - Ivory Coast - 29 .03 .77  
DDT Resistant populations 
- 9.11 .76  A, Sossoa - Togo 
B - Banifing II- Mali - 18.02.77 
C - Marahoué - Ivory Coast- 18.02.76 
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Fig. II 
DDT Susceptible populations 
3 - Boa- Ivory Coast - 9.03.76 
4 - Boa - Ivory Coast - 15.03.77 
DDT Resistant populations 
D- Kiatiko - Benin - 3.11.76 
E- Baoule - Mali - 14.02.77 
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